Abstract Tarso-metatarsal injuries are rare but frequently missed. Due to the large variation in pathomorphic forms of these injuries, great precision is required when carrying out clinical and X-ray diagnostic procedures. The aim of the study was to describe the different forms of Lisfranc joint injuries and analyse the causes of delayed treatment. The treatment results of acute and chronic injuries were compared in 41 patients, with an average follow-up period of 16 years. Statistically significant poorer results were obtained in the group of chronic cases, based on two functional scores -the AOFAS evaluation questionnaire and the Lublin functional questionnaire. The main factor delaying the start of the proper treatment was diagnostic error during initial admission. The best results were achieved after closed reduction and percutaneous Kirschner wire fixation in acute cases.
Introduction
Tarso-metatarsal joints located between the surfaces of the cuneiform bones, the cuboid bone and the bases of the metatarsals are termed Lisfranc joints, after a French field doctor, Jacques Lisfranc, of Napoleon's army who introduced the amputation of the severely damaged forefoot at the level of these joints [5, 6] .
The base of the II metatarsal bone, which reaches about 1 cm proximally relative to the base of the first metatarsal bone and about 0.5 cm proximally relative to the base of the third metatarsal bone plays a significant role in the stabilisation of the Lisfranc joint. This arrangement stabilises the transverse arch of the foot and allows minimal dorsal/ plantar movement. Strong dorsal and plantar tarso-metatarsal ligaments and intermetatarsal ligaments as well as the insertions of the tibialis posterior tendon on the plantar side perfectly stabilise the Lisfranc joint [6] . The insertions of the tibialis anterior tendon strengthens the joint of the longitudinal arch on the plantar side. The Lisfranc ligament, which connects the lateral side of the medial cuneiform bone with the medial surface of the base of the second metatarsal bone, ensures stability between the first and the second foot radius [6] . This very stable structure ensures that injuries to the Lisfranc joint are relatively rare and that when they do occur, they are frequently the consequence of either severe indirect trauma through strenuous pressure to the foot set in an extreme plantar flexion or direct injuries when the foot has been crushed by a heavy weight [3, 9, 17] .
Lisfranc joint injuries are not common. According to studies carried out by Aitken and Pauluson and English, they occur in one of 55,000 persons annually [1, 8] . Diagnostic delays and, consequently, delays in initiating the proper treatment have been assessed to occur in up to 20% of all cases [15] .
The classifications of Lisfranc joint injuries take into account the mechanics of the trauma, the type and direction of the dislocation as well as their pathomorphic forms [4, 7] . The classification suggested in 1909 by Quénu and Küss and modified by Hardcastle et al. in 1982 is undoubtedly the clearest [10, 16] . According to this classification, Lisfranc joint injuries are divided in three categories. The A form is characterised by the total dislocation of all tarsometatarsal joints on one direction and corresponds to 'homolateral' dislocations in other classifications (Fig. 1 ). In the B form, the dislocations are partial and never involve all of the radii (the so-called 'isolated' dislocations in other classifications) (Fig. 2) . In the C form, the dislocations are fully or partially divergent. As such, the C form contains injuries arising from cases in which the metatarsal bones have been displaced as a result of fractures or dislocations in various directions. The injury may include all or only some tarso-metatarsal joints. The 'divergent' dislocations of other classifications correspond to this group (Fig. 3) .
The aim of this study is to describe the pathomechanisms and pathomorphic forms of Lisfranc joint injuries based on the Hardcastle classification and to analyse the causes of diagnostic delays and mistakes based on the clinical experiences of the authors.
Material and methods

Material
Forty-one patients (13 women and 28 men), all treated between 1961 and 2004, comprised the study cohort. The causes of the Lisfranc joint injuries were traffic accidents (15 patients), the crushing of feet by significant weights (14 patients), sport injuries (six patients), falls from heights exceeding 1 m (five patients) and a fight (one patient).
Dislocations of tarso-metatarsal joints were found in 16 patients, dislocations with fractures of metatarsals or cuneiform bones and the cuboid were diagnosed in 23 patients and fractures of the metatarsal bone bases with dislocations of fragments were observed in the remaining two patients. The Lisfranc joint injuries were classified into As primary treatment, 11 patients received an open reduction with a stabilisation using Kirschner wires, 11 patients were immobilised in a below knee plaster for 4-6 weeks and ten patients underwent a closed reduction preceded by the application of plaster casts (five patients) or per cutaneous stabilisation with Kirschner wires (five patients). In the case of one patient with an open injury, immobilisation with a plaster cast was applied after the closure of the foot wound. Primary tarso-metatarsal arthrodesis was performed in only one patient, and three other patients initially treated for their injury in other institutions had cold compresses recommended. The injury resulting from the crushing of the foot with irreversible damage to the vascular system was an indication for the amputation of one foot soon after trauma. A delay in initiating treatment due to an erroneous diagnosis occurred in nine cases, with the delay varying from 6 months to 20 years. The observation/follow-up period varied from 2 to 37 years (average: 16 years).
Method
All of the patients who had been treated for the specified injuries were invited via mail for the follow-up examination. Nineteen patients responded. The examination was performed in accordance with the guidelines for the functional evaluation of the mid part of the foot set down by the American Foot and Ankle Society (AOFAS) in which pain intensity, function limitation, the necessity for special shoes, dependence on ground conditions for walking distance ability as well as the method of weightbearing and its axis are taken into account. The score can range from 0 to 100 points ( Table 1 ). The clinic's own (Lublin) foot functional scale was also used. This latter scale consists of an evaluation of swelling and foot skin changes as well as the ability to tiptoe and walk on the outer margins of the foot. This score can range from 0 to 80 points ( Table 2 ). All patients also had a podoscopy examination as well as comparative radiograms of both feet in three standard projections. Questionnaires with both evaluation scales were sent to those people who were not able to attend the examination in person. Nine written responses were obtained by mail from these patients. Five patients were examined in their place of residence; these patients were not able to attend the follow-up examination due to significant medical problems. In total, roentgen and podoscopy examinations were performed in 19 patients, and the foot function of 14 people was evaluated according to the criteria of both of the applied scales. The final evaluation excluded eight patients who had either died or their current addresses were unknown. The scores of both evaluation tests were subjected to statistical analysis using the non-parametric Mann-Whitney U-test.
The podoscopy images of the examined feet were evaluated using the ELPODO ver. 2.10 computer programme, whereas the results were analysed statistically with the nonparametric Mann-Whitney U-test and the non-parametric Wilcoxon test. The programme examined the breadth of the anterior part of the foot and heel, the length of the whole foot and all toes, the angles of the hallux and the little toe, the Clark angle and the foot index.
The follow-up X-ray evaluation took into account the reconstruction of the correct anatomy of the correct tarsometatarsal joints, the development of degenerative changes of the foot joints and the reconstruction of the bone structure following Lisfranc joint arthrodeses. 
Results
The functional results on the AOFAS scale at the follow-up examination varied from 34 to 100 points (average: 75). The Lublin foot functional scale values ranged from 20 to 80 points, with an average of 53. In A form injuries, the values ranged from 44 to100 points (average: 76.5) on the AOFAS scale and from 20 to 80 points (average: 52) on the Lublin functional scale. In B form injuries, values ranged from 34 to 100 points (average: 71) on the AOFAS scale and from 20 to 80 (average: 52) on the Lublin functional scale. In C form injuries, values ranged from 68 to 100 points (average: 84) on the AOFAS scale and from 35 to 80 points (average: 58.8) on the Lublin functional scale. There was no significant difference between the scores of the two evaluation scores in terms of treatment results of the three forms of Lisfranc joint injuries according to the non-parametric Mann-Whitney U-test.
The comparison of treatment results revealed that those patients who had an open reduction with stabilisation using Kirschner wires scored on average of 76.5 points on the AOFAS scale and 55 on the Lublin functional scale. Those who had a closed reduction of dislocation preceded by a per cutaneous stabilisation with Kirschner wires or plaster immobilisation scored on average 92 points on the AOFAS scale and 74 points on the Lublin functional scale and those who had only plaster immobilisation scored on average 72 points according to the criteria of the AOFAS scale and 51 on the Lublin functional scale. The analysis did not reveal any statistically significant differences between the results of the functional scales in terms of the treatment according to the non-parametric Mann-Whitney U-test. However, patients with closed reduction of dislocations preceded by per cutaneous stabilisation with Kirschner wires or a plaster immobilisation scored distinctly higher values.
The retrospective evaluation of the patients' documentation and repeated interviews with the patients indicated that delays in receiving the proper treatment usually occurred when the treating doctor did not take the symptoms seriously and was satisfied with a perfunctory inspection and examination of the foot; two patients did even receive an X-ray examination. The second factor that influenced the diagnostic delay was the doctor missing small dislocations (seven patients).
In the follow-up X-ray examinations of the A form injuries, secondary degenerative changes of the Lisfranc joint and the Chopart joint were detected in one patient. This person sustained a dislocation, which after an open reduction was stabilised with Kirschner wires. After 25 years, the functional result of the treatment of his foot was still very poor, and the patient suffered from pain, limp and used a walking stick. In the group of patients with the B form injuries, advanced degenerative changes in the tarso-metatarsal and traverse tarsus joints were noted in two patients 6 and 29 years, respectively, following an operation for stabilisation using Kirschner wires. One person treated with success 8 years after injury with medial cuneiform-metatarsal arthrodesis of radius I had no degenerative changes after 37 years. However, another patient treated 6 months after the injury with cuneiform-metatarsal arthrodesis showed degenerative changes of the talo-navicular joint after 14 years. Yet another B-injury patient who experienced joint surface fracture of the medial cuneiform bone and was treated by plaster immobilisation showed small degenerative changes of the Lisfranc joint after 22 years. Ankylosis of the tarsometatarsal joints from radius II to IV were affirmed in two patients with C form injuries. All other patients had degenerative changes of the Lisfranc joint regardless of the type of treatment.
Patients who received delayed treatment obtained scores of between 44 and 64 points on the AOFAS scale and between 15 and 25 points on the Lublin scale. The treatment results were better in those patients who received treatment soon after the injury than in those who received delayed treatment; this difference was statistically significant at (p<0.05) on both evaluation scales according to the non-parametric Mann-Whitney U-test .
The podoscopy examinations displayed statistically significant differences (p<0.05 ) in the breadth of the anterior part of the feet as well as the heels and the feet length indicators for all toes between patients treated immediately after the trauma and those receiving delayed treatment, based on non-parametric Mann-Whitney U-test and non-parametric Wilcoxon test. The delays contributed to the broadening of the anterior foot parts and heels and the shortening of all longitudinal dimensions.
The weight-bearing irregularities of the injured feet forced nine patients to take care to choose comfortable footwear or to use insoles to relieve the zones of excessive pressure. No patient, however, used orthopaedic footwear.
Discussion
The worst functional results were obtained in B form injuries. Six diagnostic mistakes occurred in this group of patients during the primary treatment; in addition, seemingly 'insignificant dislocations' were neglected in three patients. Lu stresses that dislocations of individual foot radii exceeding 2 mm in the X-ray image or larger than 1 mm in the computer tomography images as well as an increase of more than 15°in the tarso-metatarsal angle cause a chronic Lisfranc joint failure [11] . In terms of individual foot radii, the B injuries are more likely to be missed, under diagnosed or mistreated than A and C forms [15] . The best functional results were obtained by the Cgroup patients. They avoided diagnostic mistakes, primarily because this form of dislocation causes significant foot deformity and are therefore, are easily detected in X-ray examinations. Despite this group of patients showing radiological characteristics of degenerative changes of the tarso-metatarsal joints, they did show good functional results of treatment. Early and Aronow are of the opinion that arthodeses of the three lateral foot radii, even in missed injuries, should be avoided, because the cushioning function of the lateral side is removed [2, 6] . Despite this view, however, the patients with C type injuries evaluated by us had good functional results, even when they had a primary unintentional spontaneous rigidity of the joints of the III and IV radii. The best treatment results were achieved by patients with a closed reduction of dislocations preceded by a per cutaneous transfixion using Kirschner wires. Owen recommends this method, especially in B injuries with accompanying soft tissue damage [14] .
Marcus reported, however, that the results of the closed reduction with a per cutaneous stabilisation using Kirschner wires were worse than those of open reductions and stabilisation using screws [18] .
Myerson agrees with Owens in believing that the early reduction, either closed or open, with stabilisation using Kirschner wires is a good method of treatment [13, 14] . Our observations also confirm this. In the follow-up, the biggest complaints were raised by patients treated with immobilisation without a reduction of small dislocations of the bases of one or more metatarsal bones. In accordance with Lu's opinion, a precise, comparative X-ray evaluation should improve the patient's chances of receiving the correct treatment even if the dislocations are small [11] . All patients who received delayed treatment due to diagnostic errors were subjected to trials of dislocation reduction and the immobilisation of the injured joints. These patients, however, have worse functional results. This observation confirms the common opinion of other authors that any delay inevitably worsens the prognosis [2, 5, 15, 19] . In these patients, arthrodesis in the anatomical positions is the treatment of choice [2, 12, 15] . Wachtl claims that full arthodesis of the Lisfranc joints is an indicator for orthopaedic footwear [20] ; however, our patients did not require this.
